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L5 ANSWER 1 OF 36 MEDLINE 
ACCESSION NUMBER: 2003138455 MEDLINE 
DOCUMENT NUMBER: 22540026 PubMcd ID: 12652714 
TITLE: Cellulitis, sepsis, acute renal failure and hemolytic 

anemia with McLeod blood group phenotype. 
AUTHOR: Furuya Shino; Kitazawa Kunihiko; Ideura Gen; Toshida 

Fumitaka; Shimizu Shinsuke; Shimojo Takashi; Sakai 

Toshiaki; Ishiguro Jun; Miyahara Takashi ge; Misawa Takuo; 

Noguchi Osamu 

CORPORATE SOURCE: Department of Internal Medicine, Nagano 
Matsushiro General 

Hospital, Nagano. 

SOURCE: NIPPON NAIKA GAKXAI ZASSHI. JOURNAL OF 

JAPANESE SOCIETY OF 

INTERNAL MEDICINE, (2003 Jan 10) 92 (1) 140-2. 

Journal code: 19130210R, ISSN: 0021-5384. 
PUB. COUNTRY: Japan 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: Japanese 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200305 

ENTRY DATE: Entered STN: 20030326 

Last Updated on STN: 20030521 

Entered Medline: 20030520 

L5 ANSWER 2 OF 36 BIOSIS COPYRIGHT 2003 BIOLOGICAL 
ABSTRACTS INC. 

ACCESSION NUMBER: 2003:235497 BIOSIS 
DOCUMENT NUMBER: PRE V2O03OO23 5497 
TITLE: An attempt at analysing the selected traits of body 

conformation, growth, performance and genetic structure of 
Lithuanian native Zemaitukai horse, the breed being 
preserved from extinction. 
AUTHORS): Macijauskiene, Vale (1); Juras. Rytis (1) 
CORPORATE SOURCE: (1 ) Lithuanian Institute of Animal Science, R. 
Zebenkos 12, 

Baisogala, LT-5125, Radviliskio Raj., Lithuania Lithuania 
SOURCE: Animal Science Papers and Reports, (2003) Vol. 2 1 , 

No. I. 

pp. 35-46. print. 

ISSN: 0860-4037. 
DOCUMENT TYPE: Article 
LANGUAGE: English 

AB Over the last 50 years the traits of valuable indigenous Lithuanian 
Zemaitukai horse have not been investigated and during the last decade 

the 

breed became on the verge of extinction. Recently certain measures 
were 

undertaken to preserve the breed, evaluate its present characteristics 
and 

compare them with those reported earlier. Body size and conformation 
traits of present-day Zemaitukai horse (ZH) were found corresponding 

or 

similar to those of the ancient type, showing that many valuable 
characteristics of the breed are retained. Mares' milk yield and 
composition were evaluated, as well as development of foals based on 
body 

dimensions. Genetic variation, genetic structure as well as relationship 
between the lines and families of ZH were studied using blood typing 
and 

electrophoretic analysis of serum proteins. Gene frequencies are 
presented 

at six blood group (A, D, C, Q, P, K) and five protein (Al, Es, Gc, Xk, 
TO loci. The genetic diversity within blood groups and serum proteins 

in 

ZH kept in a closed population showed that out of eleven genetic 
systems 

examined, six were polymorphic. This is especially so for the A and D, 

as 

well as Es and Tf systems. The distribution of allele frequencies varied 
between the lines and families. 



L5 ANSWER 3 OF 36 CAPLUS COPYRIGHT 2003 ACS 
ACCESSION NUMBER: 2002:755080 CAPLUS 
DOCUMENT NUMBER: 137:274161 

TITLE: Protein, gene and cDNA sequences of a novel human 

transport protein related to * * * XK* * * 
***protein*** and their uses in drug screening 
INVENTOR(S): Merkulov, Gennady, Gucgler, Karl; Brandon, 

Rhonda C; 

Di Francesco, ValcnUna; Beasley, Ellen M. 
PATENT ASSIGNEES): USA 

SOURCE: U.S. Pat. Appl. Publ., 53 pp., Cont.-in-part of U.S. 

Ser. No. 740,034, abandoned. 

CODEN: USXXCO 
DOCUMENT TYPE: Patent 
LANGUAGE: English 
FAMILY ACC. NUM. COUNT: 2 
PATENT INFORMATION: 



PATENT NO. KIND DATE 



APPLICATION NO. DATE 



US 2002142376 Al 20021003 US 2001-768781 20010125 
WO 200207283 1 A2 20020919 WO2002-US929 20020115 
W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, 
CA, CH, CN, 

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, 
GE, GH, 

GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 

LR, 

LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, OM, PH, 

PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT, 

TZ, 

UA, UG, UZ, VN, YU, ZA, ZM, ZW, AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM 

RW: GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW, 
AT, BE, CH, 

CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, 

TR, 

BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 

TD, TG 

PRIORITY APPLN. INFO.: US 2000-740034 B2 20001220 

US 2001-768781 A 20010125 
AB The invention provides protein, cDNA and genomic sequences for a 
novel 

human transport protein XK. The transport protein gene is expressed in 
human germinal center B cell. Eight single nucleotide polymorphism 
has 

been found on transport protein XK gene mapped to chromosome 23. 
The 

invention also relates to screening modulator of transport protein XK 
and 

use them in therapy. The invention further relates to methods, vector 
and 

hosts for expression of transport protein XK. 

L5 ANSWER 4 OF 36 MEDLINE 
ACCESSION NUMBER: 2002480986 MEDLINE 
DOCUMENT NUMBER: 22228575 PubMed ID: 1 2243006 
TITLE: [Progress in molecular chorea diagnosis. McLeod 

syndrome 

and chorea acanthocytosis]. 

Fortschritte in der molekularen Chorea-Diagnostik. 

McLeod-Syndrom und Chorea- Akanthozytose. 
AUTHOR: Danek A 

CORPORATE SOURCE: Neurologische Klinik, 
Ludwig-Maximilians-Universitat, 

Postfach 701260, 81366 Munchen.. danek@nefo.med.uni- 

muenchen.de 

SOURCE: NERVENARZT, (2002 Jun) 73 (6) 564-9. 

Journal code: 0400773. ISSN: 0028-2804. 

PUB. COUNTRY: Germany: Germany, Federal Republic of 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: German 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200212 

ENTRY DATE: Entered STN: 20020924 
Last Updated on STN: 2002 1 2 1 8 
Entered Medline: 20021217 

AB McLeod syndrome and chorea-acanthocytosis are classified with the 
so-called neuroacanthocytosis group of syndromes. Both lead to 
progressive basal ganglia degeneration and were not easily distinguished 
in the past. With the discovery of their molecular bases, mutations of 
the X-linked gene XK and autosomal recessive mutations of the gene 

coding 

for chorein, respectively, the two phenotypes can now be differentiated 
and extend the diagnostic spectrum in patients presenting with chorea. 
The present review compares the two conditions and proposes a 
practical 

approach to diagnosis and treatment. Better-defined disease concepts 
should eventually replace the umbrella term of "neuroacanthocytosis." 
Animal models are needed to understand the underlying mechanisms. A 
final 

common pathway is likely for the pathogenesis of these conditions and 

is 

most probably shared with Huntington's disease. 

L5 ANSWER 5 OF 36 CAPLUS COPYRIGHT 2003 ACS 

ACCESSION NUMBER: 2002:359541 CAPLUS 

DOCUMENT NUMBER: 137:214885 

TITLE: Point mutations causing the McLeod phenotype 

AUTHORS): Russo, David C. W.; Lee, Soohee; Reid, Marion 

E-; 



Redman, Colvin M. 
CORPORATE SOURCE: The New York Blood Center, Lindsley F. 
Kimball 

Research Institute, New York, NY, USA 
SOURCE: Transfusion (Maiden, MA, United States) (2002), 

42(3), 

287-293 

CODEN: TRANAT; ISSN: 0041-1 132 
PUBLISHER: Blackwell Publishing, Inc. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The McLeod phenotype is defined by absence of Kx, weakening of 
Kell system 

antigens, and acanthocytosis. Individuals with the McLeod phenotype 
usually develop late-onset neuromuscular abnormalities. Gene 
deletions, 

insertions, and point mutations that affect RNA splicing or that lead to 
premature stop codons were reported to cause the McLeod phenotype. 
The 

McLeod phenotype may also be caused by mutations at a different 
splice 

site and by a novel mutation encoding an amino acid substitution that 
prevents transport to the cell surface. The coding and flanking intron 
regions of XK from 4 male, unrelated individuals with the McLeod 
phenotype 

and nonchronic granulomatous disease were sequenced and compared 
with the 

wild type sequence. Genomic DNA was amplified by PCR, and the 
products 

were sequenced. In 1 case, the mutant cDNA was expressed in a 
heterologous cell, and celt surface expression was detd. 3 Individuals 
with the McLeod phenotype had mutations that disrupted conserved GT 
sequences present at RNA splice sites. 2 Of them had G>C mutations 
at the 

5' splice site of intron 1, and 1 had a G>A mutation at the 5' splice site 
of intron 2. One person with the McLeod phenotype had a 7460G 
mutation 

in exon 3 encoding an R222G substitution. In a transfected cell, the 
expressed protein from the latter mutant did not travel to the cell 
surface. The McLeod phenotype may be caused by several different 
mutations. 

REFERENCE COUNT: 25 THERE ARE 25 CITED 
REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE 

RE FORMAT 

L5 ANSWER 6 OF 36 EMBASE COPYRIGHT 2003 ELSEVIER SCI. 
B.V. 

ACCESSION NUMBER: 2002194888 EMBASE 

TITLE: [Differential diagnosis of hereditary chorea syndromes]. 

DIFFERENTIALDIAGNOSE HEREDITARER 
CHOREA-SYNDROME. 
AUTHOR: Jung H.H. 

CORPORATE SOURCE: Dr. H.H. Jung, Neurologische Klinik, 
Universitatsspital, 

Frauenklinikstrasse 26, CH-8091 Zurich, Germany. 

hans.jung@nos.usz.ch 
SOURCE: Schweizer Archiv fur Neurologie und Psychiatric, 

(2002) 

153/4(185-188). 
Refs: 15 

ISSN: 0258-7661 CODEN: SANPE8 
COUNTRY: Switzerland 
DOCUMENT TYPE: Journal; General Review 
FILE SEGMENT: 005 General Pathology and Pathological 
Anatomy 

008 Neurology and Neurosurgery 

022 Human Genetics 

032 Psychiatry 
LANGUAGE: German 
SUMMARY LANGUAGE: English 

AB The clinical triad of hereditary chorea syndromes includes ( 1 ) 

choreatiform involuntary movement disorder, (2) psychiatric symptoms, 
and 

(3) cognitive impairment. The most frequent hereditary chorea 
syndrome is 

Huntington's disease (HD). There are several phenocopies of 
Huntington's 

disease, such as the Huntington's disease-tike neurodegenerative 
disorders 

type 1 and type 2 (HDLD), benign hereditary chorea (BHC), 
dentato-nibro-pallido-Luysian atrophy (DRPLA), choreo acanthocytosis 
(CHAC), and McLeod syndrome (MLS). Huntington's disease is caused 
by an 

instable CAG trinucleotide expansion in the Huntington disease gene, 
and 

onset age and severity of symptoms depend on the number of CAG 
repeats. 

The physiological function of the gene product Huntingtin and the 
disease 

mechanisms are not fully elucidated yet However, experimental data 
strongly suggest that induction of apoptosis .through a caspase (cysteine 
aspartate- specific proteases )-dependent mechanism might be an 
important 

factor for the development of the striatal neurodegeneration. The 
HDLDs 

are more or less exact phenocopies of Huntington's disease. Two 
chromosomal localisations are described, and one responsible gene, 
Junctophitin-3, is identified. The BHC manifests as a pure chorea 
syndrome, without major psychiatric or cognitive impairment The 
disease 

is located on chromosome 14, but the responsible gene has not yet been 



identified. Apart from the Huntington's disease-like phototype, DRPLA 
may 

manifest as a spinocerebellar ataxia, a progressive myoclonus epilepsy, 

or 

mixed pheno types. DRPLA is caused by instable CAG expansions in 
Atrophin-1, whose physiological functions are not yet known. CHAC 
and MLS 

belong to the so-called neuroacanthocytosis syndromes. CHAC is an 
autosomal-recessive disorder characterised by a progressive chorea 
syndrome, perioral dyskinesias and mutilations, and - less frequently • 

an 

akinetic-rigid extrapyramidal syndrome and seizures. The responsible 
gene 

is located on chromosome 9, encoding chorein, a protein implicated in 
intracellular cell sorting. MLS is an X-linked multi-system disorder with 
haematological, neuromuscular, and CNS involvement 

Haematologically, MLS 

is characterised by absent expression of the Kx erythrocyte antigen, 

weak 

expression of Kell antigens, acanthocytosis, and a compensated 
haemolytic 

state. Asymptomatic males have elevated serum creatine kinase levels, 
and 

are prone to develop neurological symptoms. Neuromuscular 
manifestations 

include myopathy, sensory-motor axonal neuropathy, and 
cardiomyopathy. CNS 

manifestations comprise a choreatiform movement disorder, 
neuropsychiatric 

abnormalities, and - less frequently - generalised seizures. MLS is 
caused 

by mutations of the XK gene encoding the ***XK** # 
***protein*** , a 

putative membrane transport protein containing the Kx erythrocyte 
antigen. 

The *»*XK*** ***protein*** is linked to the Kell glycoprotein 
by a 

single disulfide bond, probably forming a functional complex. The Kell 
protein is a member of the metalloproteinase family, and the 
♦**XK*** 

***protein*** has functional similarities to the CED-8 protein in 
nematodes, in which it controls the timing of apoptosis. These data 
strongly suggest an important role of the XK-Kell complex in striatal 
physiology. The advances in the molecular biology of hereditary chorea 
syndromes offer the possibility for a direct genetic analysis of affected 
individuals, and presymptomatic testing for individuals at risk. Although 
the genetic bases of some hereditary chorea syndromes are established, 
causal therapies are lacking. However, the rapidly accumulating 
knowledge 

will hopefully lead to the development of efficient therapies that might 
attenuate or even prevent these otherwise relentlessly progressive 
neurodegenerative disorders. 

L5 ANSWER 7 OF 36 MEDLINE DUPLICATE 1 

ACCESSION NUMBER: 2001423940 MEDLINE 
DOCUMENT NUMBER: 21347986 PubMed ID: 1 1375401 
TITLE: Molecular defects underlying the Kell null phenotype. 

AUTHOR: Lee S; Russo D C; Reiner A P; Lee J H; Sy M Y; Tclen 

M J; 

Judd W J; Simon P; Rodrigues M J; Chabcrt T; Poole J; 

Jovanovic-Srzentic S; Levene C; Yahalom V; Redman C M 
CORPORATE SOURCE: Lindsley F. Kimball Research institute of the 
New York 

Blood Center, New York, New York 10021, USA. 
CONTRACT NUMBER: HL54459 (NHLBI) 
SOURCE: JOURNAL OF BIOLOGICAL CHEMISTRY, (2001 

Jul 20) 276 (29) 

27281-9. 

Journal code: 2985 1 2 1 R. ISSN: 002 1 -9258. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200108 

ENTRY DATE: Entered STN: 2001 0827 

Last Updated on STN: 20030105 

Entered Medline: 20010823 
AB Expression of the Kell blood group system is dependent on two 
proteins, 

Kell and XK, that are linked by a single disulfide bond. Kell, a type II 
membrane glycoprotein, is a zinc endopeptidase, while XK, which has 

10 

transmembrane domains, is a putative membrane transporter. A rare 
phenotype termed Kell null (Ko) is characterized by the absence of Kell 
protein and Kell antigens from the red cell membrane and diminished 
amounts of ***XK*** ***protein*** . We determined the 
molecular 

basis of eight unrelated persons with Ko phenorypes by sequencing the 
coding and the intron-exon splice regions of KEL and, in some cases, 
analysis of mRNA transcripts and expression of mutants on the cell 
surface 

of transfected cells. Six subjects were homozygous: four with 
premature 

stop codons, one with a 5* splice site mutation, G to A, in intron 3, and 
one with an amino acid substitution (S676N) in exon 18. Two Ko 
persons 

with premature stop codons had identical mutations in exon 4 
(R128Stop), 

another had a different mutation in exon 4 (C83Stop), and the fourth 
had a 

stop codon in exon 9 (Q348Stop). Two Ko persons were heterozygous 
for two 



mutations. One had a 5' splice site mutation (G to A) in intron 3 of one 
allele that caused aberrant splicing and exon skipping, and the other 
allele had an amino acid substitution in exon 10 (S363N). The other 
heterozygote had the same amino acid substitution in exon 10 (S363N) 

in 

one allele and a premature stop codon in exon 6 (R192Stop) in the 
other 

allele. The S363N and S676N mutants, expressed in 293T cells, were 
retained in a pre-Golgi compartment and were not transported to the 
cell 

surface, indicating that these mutations inhibit trafficking. We conclude 
that several different molecular defects cause the Kell null phenotype. 

L5 ANSWER 8 OF 36 MEDLINE DUPLICATE 2 

ACCESSION NUMBER: 2001514880 MEDLINE 
DOCUMENT NUMBER: 2 1 446863 PubMed ID: 1 1 5629 1 5 
TITLE: Kell and XK immunohistochemistry in McLcod myopathy. 

AUTHOR: Jung H H; Russo D; Redman C; Brandner S 

CORPORATE SOURCE: Department of Neurology, University Hospital 
Zurich, 8091 

Zurich, Switzerland.. hans.jung@nos.usz.ch 
CONTRACT NUMBER: HL54459 (NHLBI) 

SOURCE: MUSCLE AND NERVE, (2001 Oct) 24 (10) 1346-51. 

Journal code: 7803146. ISSN: 0148-639X. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE S EGM ENT: Priority Journals 

ENTRY MONTH: 200110 

ENTRY DATE: Entered STN: 2001 0920 

Last Updated on STN: 2002 1 022 

Entered Medline: 20011025 
AB The McLeod syndrome is an X-linked neuroacanthocytosis 
manifesting with 

myopathy and progressive chorea. It is caused by mutations of the XK 
gene 

encoding the ***XK 4 ** ***protein*** , a putative membrane 
transport 

protein of yet unknown function. In erythroid tissues, XK forms a 
functional complex with the Kell glycoprotein. Here, we present an 
immunohistochemical study in skeletal muscle of normal controls and a 
McLeod patient with a XK gene point mutation (C977T) using 
affinity-purified antibodies against XK and Kell proteins. Histological 
examination of the affected muscle revealed the typical pattern of 
McLeod 

myopathy including type 2 fiber atrophy. In control muscles, Kell 
immunohistochemistry stained sarcoplasmic membranes. XK 
immunohistochemistry resulted in a type 2 fiber-specific intracellular 
staining that was most probably confined to the sarcoplasmic reticulum. 
In contrast, there was only a weak background signal without a specific 
staining pattern for XK and Kell in the McLeod muscle. Our results 
demonstrate that the lack of physiological XK expression correlates to 

the 

type 2 fiber atrophy in McLeod myopathy, and suggest that the 
•**XK*** 

•••protein*** represents a crucial factor for the maintenance of 
normal 

muscle structure and function. 
Copyright 2001 John Wiley & Sons, Inc. 

L5 ANSWER 9 OF 36 MEDLINE 

ACCESSION NUMBER: 2001695801 MEDLINE 

DOCUMENT NUMBER: 21612357 PubMed ID: 1 1746618 

TITLE: The chorea of McLeod syndrome. 

AUTHOR: Danek A; Tison F; Rubio J; Oechsner M; Kalckreuth 

W; Monaco 

AP 

CORPORATE SOURCE: Neurologische Klinik, 
Ludwig-Maximi lians-Uni versitat, 
Munchen, Germany.. 
danek@brain.nefo.med.uni-muenchen.de 

SOURCE: MOVEMENT DISORDERS, (2001 Sep) 16 (5) 882-9. 

Journal code: 8610688. ISSN: 0885-3185. 
PUB. COUNTRY: United Stales 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200202 

ENTRY DATE: Entered STN: 2001 1 2 1 8 

Last Updated on STN: 20021022 

Entered Medline: 20020213 
AB Among the movement disorders associated with acanthocytosis, 
McLeod 

syndrome (McKusick 314850) is the one that is best characterized on 

the 

molecular level. Its defining feature is tow reactivity of Kell 
erythrocyte antigens. This is due to absence of membrane protein KX 
that 

forms a complex with the Kell protein. KX is coded for by the XK gene 

on 

the X -chromosome. We present six males (aged 29 to 60 years), with 
proven 

XK mutations, to discuss the chorea associated with McLeod 
syndrome. The 

movement disorder commonly develops in the fifth decade and is 
pr o gr e ss ive. It affects the limbs, the trunk and the face. In addition 
to facial grimacing, involuntary vocalization can be present. In early 
stages there may only be some restlessness or slight involuntary distal 
movements of ankles and fingers. Lip-biting and facial tics seem more 
common in autosomal recessive choreoacanthocytosis linked to 
chromosome 9. 

This, together with the absence of dysphagia in McLeod syndrome, may 



help 

in differential diagnosis. Recent findings suggest a role for the 
endothelin system of the striatum in the pathogenesis of McLeod 
syndrome. 

Copyright 2001 Movement Disorder Society. 

L5 ANSWER 10 OF 36 MEDLINE DUPLICATE 3 

ACCESSION NUMBER: 2002035542 MEDLINE 
DOCUMENT NUMBER: 21597008 PubMed ID: 11761473 
TITLE: McLeod neuroacanthocytosis: genotype and phenotype. 

AUTHOR: Danek A; Rubio J P; Rampoldi L; Ho M; 

Dobson-Stone C; Tison 

F; Symmans W A; Oechsner M; Kalckreuth W; Watt J M; 

Corbett 

A J; Hamdalla H H; Marshall A G; Sutton I; Dotti M T; 

Malandrini A; Walker R H; Daniels G; Monaco A P 
CORPORATE SOURCE: Neurologische Klinik, 
Ludwig-Maximilians-Uni versitat, 

Munchen, Germany.. 
danek@brain.nefo.med.uni-muenchen.de 

SOURCE: ANNALS OF NEUROLOGY, (2001 Dec) 50 (6) 

755-64. 

Journal code: 7707449. ISSN: 0364-5134. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200201 

ENTRY DATE: Entered STN: 20020 1 24 

Last Updated on STN: 20021022 

Entered Medline: 20020107 
AB McLcod syndrome is caused by mutations of XK, an X -chromosomal 
gene of 

unknown function. Originally defined as a peculiar Kell blood group 
variant, the disease affects multiple organs, including the nervous 
system, but is certainly underdiagnosed. We analyzed the mutations ant 
clinical findings of 22 affected men, aged 27 to 72 years. Fifteen 
different XK mutations were found, nine of which were novel, includini 

the 

one of the eponymous case McLeod. Their common result is predicted 
absence or truncation of the ***XK*** ***protein*** . All 
patients 

showed elevated levels of muscle creatine phosphokinase, but clinical 
myopathy was less common. A peripheral neuropathy with areflexia 
was 

found in all but 2 patients. The centra) nervous system was affected in 
1 5 patients, as obvious from the occurrence of seizures, cognitive 
impairment, psychopathology, and choreatic movements. 
Neuroimagjng 

emphasized the particular involvement of the basal ganglia, which was 
also 

detected in 1 asymptomatic young patient. Most features develop with 
age, 

mainly after the fourth decade. The resemblance of McLeod syndrome 
with 

Huntington's disease and with autosomal recessive 

chorea-acanthocytosis 

suggests that the corresponding proteins-XK, huntingtin, and 
chorein-might belong to a common pathway, the dysfunction of which 

causes 

degeneration of the basal ganglia. 
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AB The McLeod syndrome is an X-linked disorder caused by mutations 
oftheXK 

gene encoding the ***XK*** •••protein*** . The syndrome is 
characterized by absent Kx erythrocyte antigen, weak expression of Kell 
blood group system antigens, and acanthocytosis. In some allelic 
variants, elevated creatine kinase, myopathy, neurogenic muscle 
atrophy, 

and progressive chorea are found. We describe a family with a novel 
point 

mutation in the XK gene consisting of a C to T base transition at 
nucleotide position 977, introducing a stop codon. Among seven 
affected 

males, five manifested with psychiatric disorders such as depression, 
bipolar disorder, or personality disorder, but only two presented with 
chorea Positron emission tomography and magnetic resonance 
volumetry 

revealed reduced striatal 2- fluoro-2-d coxy- glucose (FDG) uptake and 



diminished volumes of the caudate nucleus and putamen that correlated 
with 

disease duration. In contrast, none of 1 2 female mutation carriers 
showed 

psychiatric or movement disorders. However, a semi dominant effect of 

the 

mutation was suggested by erythrocyte and blood group mosaicism and 
reduced striatal FDG uptake without structural abnormalities. 
Therefore, 

patients with psychiatric signs or symptoms segregating in an X-linked 
trait should be examined for acanthocytosis and Kell/Kx blood group 
serology. 
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AB A 29-year-old man with a history of elevated creatine kinase and 
necrotizing myopathy was reviewed. Prominent red celt acanthocytosis 

in 

association with reduced Kelt antigen expression was present, findings 
consistent with the McLeod syndrome. Investigation of the patient's 
XK 

gene revealed a novel TGG- to-TAG transition at position 1023 in exon 

3. 

This point mutation creates an in- frame stop codon (W3 14X), and 
predicts a 

truncated ***XK*** ***protein*** of 313 amino acids, 
compared with 

444 amino acids in the normal ***XK*** ***protein*** . The 

mutation was not identified in the patient's mother or sister indicating 
that this mutation was spontaneous. 
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AB Genetic blood protein polymorphism of stallions was used to describe 
genetically 3 breeds of half-bred horses. The investigations covered 
Malopolski, Wielkopolski, and noble half-bred stallions from which 

blood 

samples were collected; in the samples, polymorphism of selected 
proteins: 

albumin (Al), transferrin (Tf), 8.5 pH esterase (EspH 8.5), vitamin 
D-binding protein (Gc), and ***Xk**» •••protein**' (Xk),was 
detd. 

On the grounds of the performed studies, significant differences were 
found in phenotypic and allelic frequencies of blood protein systems 
analyzed according to the stallion breed. The av. heterozygosity and 
homozygosity coeffs. were established for stallion breeds as well as 
genetic similarity and genetic distance between breeds of the stallions. 
This distance was: 0.01046 between Malopolski and Wielkopolski 
stallions, 

0.01783 between Malopolski and noble half-bred stallions, and 0.01000 

between Wielkopolski and noble half-bred stallions. 
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AB BACKGROUND: Kx is lacking in the RBCs of patients with the 
McLeod 

syndrome. This condition is sometimes associated with chronic 
granulomatous disease (CGD). If given allogeneic RBCs, CGD patients 
with 

the McLeod phenotype may produce anti-Kx and anti-Kin, and only 
pheno typically matched McLeod blood would be compatible. McLeod 
phenotype 

persons without CGD have made anti-Km but not anti-Kx (2 examples), 
and 

thus both McLeod and K(O) blood would be compatible. CASE 
REPORT: RBCs 

from a transfused patient with the McLeod phenotype but not with 
CGD 

(non-CGD McLeod) were typed for the Kell blood group antigens, and 

the 

plasma was analyzed for the presence of antibody by agglutination. The 
molecular basis was determined by analyzing for ***XK*** 
** *protein* ** on RBC membranes by Western immunoblotting, by 
sequencing 

the XK gene, and by RFLP. RESULTS: The RBCs did not react with 
anti-Kx + 

anti-Km and showed weakening of Kell system antigens. The patient's 
plasma reacted moderately (2+) with RBCs of common Kell type and 
strongly 

(4+) with K(0) RBCs and RBCs of common Kell type treated with 
dithiothreitol, and did not react with McLeod RBCs. ***XK*** 
***protein*** was absent from the RBC membranes. The XK gene 
had a 

point mutation in the donor splice site of intron 1 (G>C). 
CONCLUSION: 

This is the first report describing the molecular alteration in a non-CGD 
McLeod patient who has made anti-Kx. The immune response of 
people with 

the McLeod phenotype can vary, and K(O) blood may not always be 
compatible. 
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AB The Kell blood group protein is a zinc endopeptidase that yields 

endothelin-3, a potent bioactive peptide, by cleavage of big 
endothelin-3, 

a larger intermediate precursor. On red cells, Kell protein is linked by 
a single disulfide bond to XK, a protein that traverses the membrane 10 
times and whose absence, as occurs in the McLeod phenotype, is 
associated 

with a set of clinical symptoms that include nerve and muscle disorders 
and red celt acanthocytosis. Previous studies indicated that Ketl is 
primarily expressed in erythroid tissues, whereas XK has a wider tissue 
distribution. The tissue distribution of Kelt protein has been further 
investigated by Northern blot analysts, PCR-screening of tissue 
complementary DNAs (cDNAs), and Western immunoblots. Screening 
ofanRNA 

dot-blot panel confirmed that Kell is primarily expressed in erythroid 
tissues but is also expressed in a near equal amount in testis, with 
weaker expression in a large number of other tissues. PCR-screening of 
cDNAs from different tissues and DNA sequencing of the products 
gave 

similar results. In 2 of the nonerythroid tissues tested, testis and 
skeletal muscle, Kell protein was detected by Western immunoblotting. 

In 

skeletal muscle, isolation of XK with a specific antibody coisolated Kell 
protein. These studies demonstrate that Kell is expressed in both 
erythroid and nonerythroid tissues and is associated with XK. 
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AB Kx is a polytopic membrane protein of human erythrocytes carrying 
theKx 

blood group antigen, which is deficient in rare patients with McLeod 
syndrome. Kx is disulphide bond linked to the Kell glycoprotein, which 

is 

a bitopic type II membrane protein carrying the Kell blood group 
antigen. 

Mice immunized with a synthetic peptide predicted to be located on the 
second external loop of Kx produced a monoclonal antibody called 
3E12 

which does not recognize red cells with common Kell phenotype by 
agglutination and flow cytometry. 3E12 recognizes the Kx protein and 

the 

spectrin beta-chain on western blots, the affinity for these two proteins 
being lowered with increasing ionic strength. Linear epitopes 
recognized 

by 3E12 are EU6EIEKE121 and L484AQELEKE491 on theKx 
protein and spectrin 

beta-chain, respectively. To quantify the relative amount of Kx in 
Empigen BB extracts of red cell membranes, an ELISA for Kx was set 

up 

which showed conclusively that (i) there is less Kx in membranes of K0 
individuals (lacking the Kell glycoprotein) than in membranes of 
common 

individuals, and (ii) that all common individuals, typed as K+k-, K-k+ 
and 

K+k+, have the same amount of Kx on their red cell membranes. When 

an 

erythrocyte membrane detergent extract from one K0 individual was 
chromatographed on an immobilized 3E 12 column, a minute amount of 
authentic Kell glycoprotein was recovered in acid eluted fractions, 
indicating that at least the K0 individual under study may still produce 
some Ketl protein. 
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AB Two membrane proteins express the antigens that comprise the Kell 
blood 

group system. A single antigen, Kx, is carried on XK, a 440- amino acid 
protein that spans the membrane 10 times, and more than 20 antigens 
reside 

on Kell, a 93-kd, type II glycoprotein. XK and Kell are linked, close to 
the membrane surface, by a single disulfide bond between Kell cysteine 

72 

and XK cysteine 347. Although primarily expressed in erythroid 
tissues, 

Kell and XK are also present in many other tissues. The polymorphic 
forms 

of Kell are due to single base mutations that encode different amino 
acids. Some Kell antigens are highly immunogenic and may cause 
strong 

reactions if mismatched blood is transfused and severe fetal anemia in 
sensitized mothers. Antibodies to KEL1 may suppress erythropoiesis at 

the 

progenitor level, leading to fetal anemia. The cellular functions of 
Kelt/XK are complex. Absence of XK, the McLeod phenotype, is 
associated 

with acanthocytic red blood cells (RBCs), and with late-onset forms of 
muscular dystrophy and nerve abnormalities. Kell, by homology, is a 
member of the neprilysin (Ml 3) family of membrane zinc 
endopeptidases and 

it preferentially activates endothelin-3 by specific cleavage of the 
Trp2 1 >ne22 bond of big endothetin-3. 
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AB Two covalently linked proteins, Kell and XK, constitute the Kctl 
blood 

group system. Kell, a 93 -Kd type II glycoprotein, is highly polymorphic 
and carries all but 1 of the known Kell antigens, and XK, which 
traverses 

the membrane 10 times, carries a single antigen, the ubiquitous Kx. The 
Kell/XK complex is not limited to erythroid tissues and may have 
multiple 

physiological roles. Absence of one of the component proteins, XK, is 
associated with abnormal red cell morphology and late-onset forms of 
nerve 

and muscle abnormalities, whereas the other protein component, Kell, is 

an 

enzyme whose principal known function is the production of a potent 
bioactive peptide, ET-3. 
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AB The human Kell blood group system is important in transfusion 
medicine, 

since Kell is a polymorphic protein and some of its antigens can cause 
severe reactions if mismatched blood is transfused, while maternal 
alloimmunization may lead to fetal and neonatal anemia. In humans, 
Kell 

is an Mr 93,000 type II membrane glycoprotein with 

endothelin-3 -converting 

enzyme activity that is linked by a single disulfide bond to another 
protein, XK, that spans the membrane ten times. An absence of XK 

leads to 

clinical symptoms termed the McLeod syndrome. We determined the 
cDNA 

sequence of the mouse Kell homologue, the organization of the gene, 
expression of the protein and its enzymatic function on red cells. 
Comparison of human and mouse Kell cDNA showed 80% nucleotide 
and 74% 

amino acid sequence identity. Notable differences arc that the mouse 
Kell 

protein has eight probable N-linked carbohydrate side chains, compared 

to 

five for human Kell, and that the mouse homologue has one more 
extracellular cysteine than human Kell protein. The mouse Kell gene 
(Kel), like its human counterpart, is similarly organized into 19 exons. 
Kel was located to proximal Chromosome 6. Northern blot analysis 
showed 

high expression in spleen and weaker levels in testis and heart. Western 
blot analysis of red cell membrane proteins demonstrated that mouse 
Kell 

glycoprotein has an apparent Mr of 1 10,000 and, on removal of 
N-linked 

sugars, 80,000. As in human red cells, Kelt is disul fide-linked to XK 
and 

mouse red cells have cndothelin-3-converting enzyme activity. 
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AB The antigens of the Kell blood group system are carried on a 93 kDa 
type 

II glycoprotein encoded by a single gene on chromosome 7 at 7q33. 
XKisa 

50.9 kDa protein that traverses the membrane ten times and derives 
from a 

single gene on the X chromosome at Xp2 1 . A single disulphide bond, 
Kell 

Cys 72-XK Cys 347, links Kell to XK. The Kell component of the 
Kell/XK 

complex is important in transfusion medicine since it is a highly 
polymorphic protein, carrying over 23 different antigens, that can cause 
severe reactions if mismatched blood is transfused and in pregnant 
mothers 

antibodies to Kell may elicit serious fetal and neonatal anaemia. The 
different Kell phenotypes are all caused by base mutations leading to 
single amino acid substitutions. By contrast the XK component carries 

a 

single blood group antigen, termed Kx. The physiological functions of 
Kell and XK have not been fully elucidated but Kell is a zinc 
endopeptidase with endothelin-3-converting enzyme activity and XK 
has the 

structural characteristics of a membrane transporter. Lack of Kx, the 
McLeod phenotype, is associated with red cell acanthocytosis, elevated 
levels of serum creatine phosphokinase and late onset forms of muscular 
and neurological defects. 
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AB The human Kx blood group antigen is carried by a 37,000 M(r) 
apparent 

molecular mass membrane polypeptide which is deficient in rare 
individuals 

with the McLeod syndrome. The X-linked human XK gene is 
transcribed in 

many tissues including adult skeletal muscle and brain, sieges of 
disorders observed in McLeod syndrome. We report here the cloning 
of the 

orthologous mouse XK mRNA. Comparison of XK from human and 
mouse revealed 

80% sequence similarity at the amino acid level. The mouse XK gene is 
organized in two exons and is expressed in many tissues, but its 
expression pattern is slightly different from that of the human gene. The 
presence in mouse erythrocyte membrane of a 43,000 M(r) Kx-related 
protein 

was demonstrated by immunobtotting with a rabbit antiserum directed 
against the human protein. With non-reduced samples, a 140,000 M(r) 
species was detected instead of the 43,000 M(r) protein, suggesting 
that, 

as demonstrated in the Kx polypeptide might be complexed with 
another 

protein in mouse red cells, presumably the homologue of the human 
Kell 

protein of 93,000 M(r). 
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AB Kell, a 93 kDa type II membrane glycoprotein, and XK, a 444 amino 
acid 

multi-pass membrane protein, are blood group proteins that exist as a 
disul fide-bonded complex on human red cells. The mechanism of 
Kell/XK 

assembly was studied in transfected COS cells co-expressing Kell and 
•**XK*** ***proteins*** . Time course studies combined with 
endonuclease-H treatment and cell fractionation showed that Kell and 
XK 

are assembled in the endoplasmic reticulum. At later times the Kell 
component of the complex was not cleaved by endonuclease-H, 
indicating 

N-linked oligosaccharide processing and transport of the complex to a 
Golgi and/or a post-Golgj cell fraction. Surface-labeling of transfected 
COS cells, expressing both Kell and XK, demonstrated that the Kell/XK 
complex travels to the plasma membrane. XK expressed in the absence 

of 

Kell was also transported to the cell surface indicating that linkage of 
Kell and XK is not obligatory for cell surface expression. 
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AB Kell, a 93 kDa type II membrane glycoprotein, and XK, a 444 
amino acid 

multi-pass membrane protein, are blood group proteins that exist as a 
disulfide-bonded complex on human red cells. The mechanism of 
Kell/XK 

assembly was studied in transfected COS cells co-expressing Kell and 
•**XK*** ***proteins*** . Time course studies combined with 
endonuclease-H treatment and cell fractionation showed that Kell and 
XK 

are assembled in the endoplasmic reticulum. At later times the Kell 
component of the complex was not cleaved by endonuclease-H, 
indicating 

N-linked oligosaccharide processing and transport of the complex to a 
Golgi and/or a post-Golgi cell fraction. Surface-labeling of transfected 
COS cells, expressing both Kell and XK, demonstrated that the Kell/XK 
complex travels to the plasma membrane. XK expressed in the absence 

of 

Kell was also transported to the cell surface indicating that linkage of 
Kell and XK is not obligatory for cell surface expression. (C) 1999 
Elsevier Science B.V. All rights reserved. 
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AB We report a novel mutation in the XK gene (XK) in a Japanese 
patient with 

McLeod syndrome. A 50- year-old man showed progressive muscular 
atrophy, 



choreic movement, elevated level of scrum creatinine kinase, and 
acanthocytosis. The expression level of all the Kell antigens in 
erythrocyte was decreased and molecular analysts revealed a single-base 
(T) deletion at the nucleotide position 1 095 in XK. This deletion 
caused 

a frameshift in translation, leading to a premature stop codon at the 
amino acid position 408. We conclude this single-base deletion causes 
defective Kx protein, which is responsible for the McLeod phenotype in 
this patient. 
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AB A disulfide bond links Kell and XK red cell membrane proteins. Kell, 
a 

type II membrane glycoprotein, carries over 20 blood group antigens, 
and 

XK, which spans the membrane 10 times, is lacking in rare individuals 
with 

the McLeod syndrome. Kell is classified in the neprilysin family of zinc 
endopeptidases, and XK has structural features that suggest it is a 
transport protein. Kell has 15 extracellular cysteines, and XK has one 

in 

its fifth extracellular loop. Five of the extracellular cysteine residues 
in Kell are not conserved in the other members of the neprilysin family, 
and based on the hypothesis that one of the nonconserved cysteines is 
linked to XK, cysteines 72 and 3 19 were mutated to serine. The single 
extracellular cysteine 347 of XK was also mutated. Co-expression of 
combinations of wild-type and mutant proteins in trans fee ted COS-1 
cells 

showed that Kell C72S did not form a Kell-XK complex with wild-type 
XK, 

while wild-type Kell and Kell C319S did. XK C347S was also unable 
to form 

a complex with wild-type Kell, indicating that Kell cysteine 72 is linked 
to XK cysteine 347. Kell C72S was transported to the cell surface, 
indicating that linkage to XK is not required. In addition, chemical 
cross-linking of red celt membranes with dithiobispropionimidate 
indicated 

that glyceraldehyde-3-phosphate dehydrogenase is a near neighbor of 
Kell. 
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AB Kx is a quantitatively minor blood group protein of human 
erythrocytes 

which is thought to be a membrane transporter. In the red cell 
membrane, 

Kx forms a complex stabilized by a disulfide bond with the Kell blood 
group membrane protein which might function as a metalloprotease. 
The 

palmitoytation status of these proteins was studied by incubating red 
ceils with [3H] palmitic acid. Purification of the Kcll-Kx complex, by 
immunochromatography on an immobilized human monoclonal antibody 
of Kell 

blood group specificity demonstrated that the Kx but not the Kelt 
protein 

is palmitoyiated. Six cysteines in Kx are predicted to be 
inlracytoplasmic and might be targets for palmitoytation. Three of these 
cysteines are present in a portion of sequence which is predicted to form 
an amphipathic alpha helix. Palmitoytation of one or several of these 
cysteines might contribute to anchor the cytoplasmic portion of the Kx 



protein to the inner surface of red cell membrane. 
Copyright 1998 Academic Press. 
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AB McLeod syndrome is a rare X-linked disorder involving 
neurological 

defects and acanthocytosis. We examined the XK gene in three patients 
with 

neuroacanthocytosis, one of whom had cardiomyopathy, and his 
symptoms were 

very similar to those of McLeod syndrome. We found two new 
transversions 

(C to G at codon 204 and G to C at codon 205) in exon 3 in all those 
cases. However, the transversion at codon 205 was found in all 70 
Japanese 

normal subjects and four non-Japanese (two Caucasian males, one 
Chinese 

female and one Micronesian female) and that at codon 204 was also 
detected 

in all 14 normal Japanese males and the four non- Japanese. These 
findings 

suggest that they are not the cause of McLeod syndrome, but normal 
polymorphisms which have not been reported. Moreover, there is a 
possibility that patients with neuroacanthocytosis similar to McLeod 
syndrome exist without the XK gene abnormalities. (C) 1997 Elsevier 
Science B.V. 

L5 ANSWER 29 OF 36 MEDLINE DUPLICATE 13 

ACCESSION NUMBER: 94273191 MEDLINE 
DOCUMENT NUMBER: 94273191 PubMed ID: 8004674 
TITLE: Isolation of the gene for McLeod syndrome that encodes a 

novel membrane transport protein. 
AUTHOR: Ho M; Chelly J; Carter N; Danek A; Crocker P; 

Monaco A P 

CORPORATE SOURCE: Imperial Cancer Research Fund Laboratories, 
Institute of 

Molecular Medicine, John Radcliffe Hospital, Oxford, 
England. 

SOURCE: CELL, ( 1 994 Jun 1 7) 77 (6) 869-80. 

Journal code: 0413066. ISSN: 0092-8674. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

OTHER SOURCE: GENBANK-Z32684 

ENTRY MONTH: 199407 

ENTRY DATE: Entered STN: 19940729 

Last Updated on STN: 20021022 

Entered Medline: 19940721 



AB McLeod syndrome is an X-linked multisystem disorder characterized 
by 

abnormalities in the neuromuscular and hematopoietic systems. We 
have 

assembled a cosmid contig of 360 kb that encompasses the McLeod 
gene 

locus. A 50 kb deletion was detected by screening DNA from patients 
with 

radiolabeled whole cosmids, and two transcription units were identified 
within this deletion. The mRNA expression pattern of one of them, 
designated as XK, correlates closely to the McLeod phenotype. XK 
encodes 

a novel protein with structural characteristics of prokaryotic and 
eukaryotic membrane transport proteins. Nucleotide sequence analysis 

of 

XK from two unrelated McLeod patients has identified point mutations 

at 

conserved splice donor and acceptor sites. These findings provide 
direct 

evidence that XK is responsible for McLeod syndrome. 
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AB A total of 85 blood samples, obtained from Yugoslav trotter horses 

Were 

analysed for serum protein polymorphism at the following loci: albumin 
(AI), protease inhibitor (Pi), transferrin (TO, esterase (Es) and 

•**Xk*** *"*protein*** by standard starch gel electrophoretic 
procedures. From the results obtained the homogeneity index and 
parentage 

exclusion probability were calculated. The characteristic gene 
frequencies 

of the investigated Al, Pi, Ti, Es and **»Xk*** ***protein*** 
systems were established as: ALA and ALB (0.424 and 0.576); PiF, PiL, 

PiG, 

Pil, PiV and PiS (0.135, 0.318, 0.123, 0.100, 0.259 and 0.576); TiD, 
TiF, 

TiH and TiO (0.359, 0.529, 0.036 and 0.076), EsF, Esl and EsS (0.265, 
0.570 and 0.165); and XkK and XkS (0.912 and 0.088), respectively. 
The 

Homogeneity index of the tested population was 0.0049, 0.5755, 
0.2209, 

0.1336 and 0.6790 for the AL, Pi, Tf, Es and Xk, loci, respectively. The 
joint paternity exclusion probability was 83.40% for the population of 
Yugoslav trotters. 
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AB On the basis of gene frequencies of the marker traits of blood protein 
and 

enzyme analyses with electrophoresis, the biochemical polymorphism o 
albumin (Al), slow-alpha-2 globulin (S 1 -alpha), post-albumin (Pa), 
group-specific component (Gc), ***Xk*'* ***protein*** (Xk), 
transferrin (TO, catalase (Cat), hemoglobin (Hb), phosphohexose 
isomerase 

(PHI), phosp ho gluconate dehydrogenase (PGD) and 
phosphoglucomutase (PGM), 

in a total 95 Cheju native horses, were examined. The analyzed results 

of 

phenotypes and gene frequencies were as follows: With respect to 
albumin 

(Al) locus, the frequency of Al-B allele was markedly predominant 
(0.663) 

as compared with that of Al-A allele (0.337). In slow alpha-2 globulin 
(Sl-alpha-2) locus, any individual variation was not found. Therefore, 
this locus was defined to be monomorphic. In the post-albumin (Pa) 
locus, 

the frequency of Pa-F allele was markedly predominant (0.947) as 
comapred 

with that of Pa-S allele (0.053). Concerning group-specific component 
(Gc) 



locus, the frequency of Gc-S allele was markedly predominant (0.589) 

as 

compared with that of Gc-F allele (0.441). Astothe **»Xk*** 
* * *protein* * * locus, one phenotype KK was observed. The number 
oftheKK 

phenotype was 1 .000. In the transferrin (Tf) locus, Tf-F was the most 
frequent allele gene frequency (0.621), Tf-R was the second (0. 153) and 
Tf-H, Tf-D and Tf-O were negligible (0. 1 3 1, 0.084, and 0.010). At the 
caialase (Cat) isozyme locus, the gene frequency of Cat-F allele (0.51 1) 
was slightly higher than that of Cat-S allele (0.489). In the hemoglobin 
(Hb) locus, the frequency of Hb-A allele (0.868) was remarkably higher 
than that of Hb-a allele (0.132). At the phosphohexose isomcrasc (PHI) 
isozyme locus, only phenotype II was observed. The frequency of the II 
type was 1 .000. Phosphoglucomutase (PGM) isozyme locus, any 
individual 

variation was not found. As to phosphogluconate dehydrogenase (PGD) 
isozyme locus, any individual variation was not found. 

L5 ANSWER 32 OF 36 BIOSIS COPYRIGHT 2003 BIOLOGICAL 
ABSTRACTS INC.DUPLICATE 
16 

ACCESSION NUMBER: 1990:471454 BIOSIS 
DOCUMENT NUMBER: BA90: 1 1 0874 
TITLE: STUDIES ON THE BIOCHEMICAL 

POLYMORPHISM OF BLOOD PROTEIN 

AND ENZYME IN CHE JU NATIVE HORSES I. 
GENETIC POLYMORPHISMS 

OF SERUM PROTEINS. 
AUTHOR(S): CHUNG E Y; HAN S K; SHIN Y C; YANG K S 
CORPORATE SOURCE: COLL. AGRIC, SANG JI UNIV., KOREAN. 
SOURCE: KOREAN J ANIM SCI, ( 1 990) 32 (6), 298-308. 

CODEN: HGCHAG. ISSN: 0367-5807. 
FILE SEGMENT: BA; OLD 
LANGUAGE: Korean 

AB By means of starch gel electrophoresis, the biochemical 
polymorphism of 

.alpha. 1 -protease inhibitor, albumin, transferrin, ***Xk*** 
***protein*** and slow .alpha.2-globulin in a total of 1 16 Che Ju 
native 

horses were examined. The analyzed resulted of phenotype, genotype 
and 

gene frequency was following: I. In the .alpha, 1 -protease inhibitorfPi) 
locus, nine possible phenotypes, except heterozygous FI phenotype, FF, 

II, 

LL, SS, FL, FS, IL, IS and LS were identified and assumed to be 
controlled 

by four autosomal codominant alleles designated PiF, PiL PiL and PiS. 
The 

phenotype distribution was estimated to be 68.10% for LL type and 
12.93% 

for n type and the others were below 10%. The PiL allele with the 
frequency of 0.741 showed the highest frequency, while the frequencies 

of 

Pil, PiS and PiF alleles with relatively low frequencies were 0.164, 
0.078 

and 0.017, respectively. 2. With respect to albumm(Al) locus, three 
different Al phenotypes assumed to be controlled by two codominant 
alleles 

were identified as AA, AB and BB and their phenotype distribution was 
15.52%, 40.52% and 43.96%, respectively. The frequency of AlB allele 
was 

markedly predominant (0.641) whereas in ALA allele it was 0.358. 3. 
Concerning transferrin(Tf) locus, eleven different phenotypes DD, FF, 
RR, 

DF, DO, DR, FH, FO, FR, HR and OR were recognized, assumed to be 
controlled by five autosomal codominant alleles designated TFD, TfF, 
TfH, 

TfO and TfR, but two homozygous type(HH and OO) and two 
heterozygous 

type(DH and HO) were not found. The observed percentage of Tf 
phenotypes 

FR, FF and RR were found to be 29.3 1%, 28.45% and 12.93% 
respectively, 

and the other phenotypes were below 10%. Of the total, TfF was the 
most 

frequent allele(gene frequency, 0.496), TfR was the second(0.345) and 
TfD, 

TfO and TfH were neglible(0.065, 0.60 and 0.034, respectively). 4. As 

for 

the »**Xk*** •••protein*** locus, two different phenotypes FK 
and 

KK were observed, whereas homozygous FF type was not recognized. 
The 

observed Xk polymorphism was assumed to be controlled by a pair of 
codominant alleles designated XkF and XkK at a single autosomal 
locus. The 

number of the KK phenotype was 93.10, that of FK phenotype 6.90%. 
The 

significantly higher frequency of XkK allele(0.966) was obtained than 
that 

of XkF allele(0.034). 5. In slow .alpha.2-globulin(S .alpha. 1) locus, any 
individual variation was not found, therefore, this locus was defined to 
be monomorphic. 
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AB Genetic polymorphism of a new horse plasma protein provisionally 
designated ***Xk*** ***protein*** in 1 75 Korean race horses 
was 

analyzed by using acidic starch gel electrophoresis and genetic structure 
of horse population was investigated. Two different phenotypes, Xk-FK 
and 

Xk-KK. in this system were observed with the frequencies in these Xk 
phenotypes were Xk-FK 2.9% and Xk-KK 97.1%. However, the 

homozygous Xk-FF 

type was not recognized in the present study. Observed and expected 
phenotypes showed the Xk locus to be in genetic equilibrium, 

according to 

Hardy- Weinberg law. Therefore, the Xk phenotypes were shown to be 
controlled by two codominant autosomal alleles designated XkF and 
XkK. The 

XkK allele(0.986) had a remarkably high frequency whereas the XkF 
allele(0.014) occur very rarely. 
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AB 1. Pig serum Po2 protein and horse ***Xk*** ***protein*** 
were 

purified by FPLC, non-denaturing 2D agarose- PAGE and 2D 
IPG-PAGE. 2. The 

separated fractions were electroblotted to 
poly(4-vinyl-N-methylpyridinium 

iodide) coated GF/C glass fiber sheets. 3. The partial amino acid 

sequences and amino acid compositions of different genetic variants of 

the 

proteins were determined. 4. The results proved that previously 
reported 

polymorphic serum post-albumins in each of these species were 
homologous 

to human plasma alpha I B-glycoprotein. 
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AB Genetic linkage between the equine loci for phosphohexose isomerase 
(PHI) 

and serum ***Xk*** ***protein*** was demonstrated by means 

of 

segregation data from three sire families. The recombination frequency 
was estimated from pooled data to be 0.23 +/- 0.02; a significant 
heterogeneity between sires for estimates of the recombination 
frequency 

was observed. No indication of linkage was detected between Xk and 

14 

other blood marker loci. Linkage between the Xk locus and the locus 

for 

soluble malic enzyme (ME1) has recently been reported in horses. An 
equine linkage group designated LG IV comprising the three loci MEl, 
PHL 

and Xk has thus been established. The possibility that the linkage 
between PHI and Xk is homologous to the linkage between the loci for 
PHI 

and a serum postalbumin (PO-2) in pigs was discussed. 
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AB Resolution of equine soluble malic enzyme phenotypes is greatly 
improved 

by isoelectric focusing as compared with starch gel electrophoresis. 
Phenotype differences can be recognized in plasma as well as 
hemolysates. 

The locus for soluble malic enzyme (MEl) is closely linked to the locus 
for «**Xk*** [ ***protein*** ]. 
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TITLE: Cellulitis, sepsis, acute renal failure and hemolytic 

anemia with McLeod blood group phenotype. 
AUTHOR: Furuya Shino; Kitazawa Kunihiko; Ideura Gen; Toshida 

Fumitaka; Shimizu Shinsuke; Shimojo Takashi; Sakai 

Toshiaki; Ishiguro Jun; Miyahara Takashige; Misawa Takuo; 

Noguchi Osamu 

CORPORATE SOURCE: Department o f Internal Medicine, Nagano 
Matsushiro General 
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SOURCE: NIPPON NAIKA GAKKAI ZASSHI. JOURNAL OF 

JAPANESE SOCIETY OF 

INTERNAL MEDICINE, (2003 Jan 10) 92 (1) 140-2. 

Journal code: 1913021 OR. ISSN: 0021-5384. 
PUB. COUNTRY: Japan 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 
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FILE S EGMENT: Priority Journals 
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ENTRY DATE: Entered STN: 20030326 
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ACCESSION NUMBER: 2003:235497 BIOSIS 
DOCUMENT NUMBER: PREV200300235497 
TITLE: An attempt at analysing the selected traits of body 

conformation, growth, performance and genetic structure of 
Lithuanian native Zemaitukai horse, the breed being 
preserved from extinction. 
AUTHOR(S): Macijauskiene, Vale ( 1 ); Juras, Rytis ( 1 ) 
CORPORATE SOURCE: ( 1 ) Lithuanian Institute of Animal Science, R. 
Zebenkos 12, 

Baisogala, LT-5125, Radviliskio Raj., Lithuania Lithuania 
SOURCE: Animal Science Papers and Reports, (2003) Vol. 2 1 , 

No. 1, 

pp. 35-46. print. 

ISSN: 0860-4037. 
DOCUMENT TYPE: Article 
LANGUAGE: English 

AB Over the last 50 years the traits of valuable indigenous Lithuanian 
Zemaitukai horse have not been investigated and during the last decade 

the 

breed became on the verge of extinction. Recently certain measures 
were 

undertaken to preserve the breed, evaluate its present characteristics 
and 

compare them with those reported earlier. Body size and conformation 
traits of present-day Zemaitukai horse (ZH) were found corresponding 

or 

similar to those of the ancient type, showing that many valuable 
characteristics of the breed are retained. Mares' milk yield and 
composition were evaluated, as well as development of foals based on 
body 

dimensions. Genetic variation, genetic structure as well as relationship 
between the lines and families of ZH were studied using blood typing 
and 

electrophoretic analysis of serum proteins. Gene frequencies are 
presented 

at six blood group (A, D, C, Q, P, K) and five protein (AI, Es, Gc, Xk. 
TO loci. The genetic diversity within blood groups and serum proteins 

in 

ZH kept in a closed population showed that out of eleven genetic 
systems 

examined, six were polymorphic. This is especially so for the A and D, 

as 

well as Es and Tf systems. The distribution of allele frequencies varied 
between the lines and families. 
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INVENTOR(S): Merkulov, Gennady, Guegler, Karl; Brandon, 

Rhonda C; 

Di Francesco, Valentina; Beasley, Ellen M. 
PATENT ASSIGNEE(S): USA 

SOURCE: U.S. Pat. Appl. Publ., 53 pp., Cont.-in-part of U.S. 
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DOCUMENT TYPE: Patent 
LANGUAGE: English 
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PATENT NO. KIND DATE 



APPLICATION NO. DATE 



US 2002142376 Al 20021003 US 2001-768781 20010125 
WO 200207283 1 A2 20020919 WO2002-US929 20020115 
W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, 
CA, CH, CN, 

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FL GB, GD, 
GE; GH, 

GM, HR, HU, ID, IL, IN, IS, JP t KE, KG, KP, KR, KZ, LC, LK, 

LR, 

LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, OM, PH, 

PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT, 

TZ, 

UA, UG, UZ, VN, YU, ZA, ZM, ZW, AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM 

RW: GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ. UG, ZM, ZW, 
AT, BE, CH, 

CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, 

TR, 

BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 

TD.TG 

PRIORITY APPLN. INFO.: US 2000-740034 B2 20001220 

US 2001-768781 A 20010125 
AB The invention provides protein, cDNA and genomic sequences for a 
novel 

human transport protein XK. The transport protein gene is expressed in 
human germinal center B cell. Eight single nucleotide polymorphism 
has 

been found on transport protein XK gene mapped to chromosome 23. 
The 

invention also relates to screening modulator of transport protein XK 
and 

use them in therapy. The invention further relates to methods, vector 
and 

hosts for expression of transport protein XK. 
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TITLE: [Progress in molecular chorea diagnosis. McLeod 

syndrome 

and chorea acanthocytosis]. 

Fortschritte in der molekularen Chorea-Diagnostik. 

McLeod-Syndrom und Chorea-Akanthozytose. 
AUTHOR: Danek A 

CORPORATE SOURCE: Neurologische Klinik, 
Ludwig-Maximilians-Universitat, 

Postfach 701260, 81366 Munchen.. danek@nefo.med.uni- 

muenchen.de 

SOURCE: NERVENARZT, (2002 Jun) 73 (6) 564-9. 

Journal code: 0400773. ISSN: 0028-2804. 

PUB. COUNTRY: Germany: Germany, Federal Republic of 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: German 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200212 

ENTRY DATE: Entered STN: 20020924 
Last Updated on STN: 20021218 
Entered Medline: 2002 1217 

AB McLeod syndrome and chorea-acanthocytosis are classified with the 
so-called neuroacanthocytosis group of syndromes. Both lead to 
progressive basal ganglia degeneration and were not easily distinguished 
in the past. With the discovery of their molecular bases, mutations of 
the X-linked gene XK and autosomal recessive mutations of the gene 

coding 

for chorein, respectively, the two phenotypes can now be differentiated 
and extend the diagnostic spectrum in patients presenting with chorea. 
The present review compares the two conditions and proposes a 
practical 

approach to diagnosis and treatment. Better-defined disease concepts 
should eventually replace the umbrella term of "neuroacanthocytosis." 
Animal models are needed to understand the underlying mechanisms. A 
final 

common pathway is likely for the pathogenesis of these conditions and 

is 

most probably shared with Huntington's disease. 

L5 ANSWER 5 OF 36 CAPLUS COPYRIGHT 2003 ACS 
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TITLE: Point mutations causing the McLeod phenotype 

AUTHOR(S): Russo, David C. W.; Lee, Soohee; Reid, Marion 

E.; 



Redman, Colvin M. 
CORPORATE SOURCE: The New York Blood Center, Undsley F. 
Kimball 

Research Institute, New York, NY, USA 
SOURCE: Transfusion (Maiden, MA, United States) (2002), 

42(3), 

287-293 

CODEN: TRANAT; ISSN: 0041-1132 
PUBLISHER: Blackwell Publishing, Inc. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The McLeod phenotype is defined by absence of Kx, weakening of 
Kell system 

antigens, and acanthocytosis. Individuals with the McLeod phenotype 
usually develop late-onset neuromuscular abnormalities. Gene 
deletions, 

insertions, and point mutations that affect RNA splicing or that lead to 
premature stop codons were reported to cause the McLeod phenotype. 
The 

McLeod phenotype may also be caused by mutations al a different 
splice 

site and by a novel mutation encoding an amino acid substitution that 
prevents transport to the cell surface. The coding and flanking intron 
regions of XK from 4 male, unrelated individuals with the McLeod 
phenotype 

and nonchronic granulomatous disease were sequenced and compared 
with the 

wild type sequence. Genomic DNA was amplified by PCR, and the 
products 

were sequenced. In I case, the mutant cDNA was expressed in a 
heterologous cell, and cell surface expression was detd. 3 Individuals 
with the McLeod phenotype had mutations that disrupted conserved GT 
sequences present at RNA splice sites. 2 Of them had G>C mutations 
at the 

5' splice site of intron 1 , and 1 had a G>A mutation at the 5' splice site 
of intron 2. One person with the McLeod phenotype had a 7460G 
mutation 

in exon 3 encoding an R222G substitution. In a transfected cell, the 
expressed protein from the latter mutant did not travel to the cell 
surface. The McLeod phenotype may be caused by several different 
mutations. 

REFERENCE COUNT: 25 THERE ARE 25 CITED 
REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE 

RE FORMAT 
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DIFFERENTIALDIAGNOSE HEREDITARER 
CHOREA-SYNDROME. 
AUTHOR: Jung H.H. 

CORPORATE SOURCE: Dr. H.H. Jung, Neurologische Klinik, 
Universitatsspital, 

Frauenklinikstrasse 26, CH-8091 Zurich, Germany. 

hans.jung@nos.usz.ch 
SOURCE: Schwcizer Archiv fur Neurologie und Psychiatric 
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008 Neurology and Neurosurgery 
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LANGUAGE: German 
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AB The clinical triad of hereditary chorea syndromes includes (1) 

choreatiform involuntary movement disorder, (2) psychiatric symptoms, 
and 

(3) cognitive impairment. The most frequent hereditary chorea 
syndrome is 

Huntington's disease (HD). There are several phenocopies of 
Huntington's 

disease, such as the Huntington's disease- like neurodegenerative 
disorders 

type 1 and type 2 (HDLD), benign hereditary chorea (BHC), 
dentato-rubro-pallido-Luysian atrophy (DRPLA), choreoacanthocytosis 
(CHAC), and McLeod syndrome (MLS). Huntington's disease is caused 
by an 

instable CAG trinucleotide expansion in the Huntington disease gene, 
and 

onset age and severity of symptoms depend on the number of CAG 
repeats. 

The physiological function of the gene product Huntingtin and the 
disease 

mechanisms are not fully elucidated yet. However, experimental data 
strongly suggest that induction of apoptosis through a caspase (cysteine 
aspartate-specific pro teases )-dependent mechanism might be an 
important 

factor for the development of the striatal neurodegeneration. The 
HDLDs 

are more or less exact phenocopies of Huntington's disease. Two 
chromosomal localisations are described, and one responsible gene, 
Junctophilin-3, is identified. The BHC manifests as a pure chorea 
syndrome, without major psychiatric or cognitive impairment The 



is located on chromosome 14, but the responsible gene has not yet been 



identified. Apart from the Huntington's disease-like phenotype, DRPLA 
may 

manifest as a spinocerebellar ataxia, a progressive myoclonus epilepsy, 

or 

mixed phenotypes. DRPLA is caused by instable CAG expansions in 
Atrophin-1, whose physiological functions are not yet known. CHAC 
and MLS 

belong to the so-called neuroacanthocytosis syndromes. CHAC is an 
autosomal-reccssive disorder characterised by a progressive chorea 
syndrome, perioral dyskinesias and mutilations, and - less frequently - 

an 

akinetic-rigid extrapyramidal syndrome and seizures. The responsible 
gene 

is located on chromosome 9, encoding chorein, a protein implicated in 
intracellular cell sorting. MLS is an X-linked multi-system disorder with 
haematological, neuromuscular, and CNS involvement. 

Haematologically, MLS 

is characterised by absent expression of the Kjc erythrocyte antigen, 

weak 

expression of Kell antigens, acanthocytosis, and a compensated 
haemolytic 

state. Asymptomatic males have elevated serum creatine kinase levels, 
and 

are prone to develop neurological symptoms. Neuromuscular 
manifestations 

include myopathy, sensory-motor axonal neuropathy, and 
cardiomyopathy. CNS 

manifestations comprise a choreatiform movement disorder, 
neuropsychiatric 

abnormalities, and - less frequently - generalised seizures. MLS is 
caused 

by mutations of the XK gene encoding the ***XK.*** 
***protein*** , a 

putative membrane transport protein containing the Kx erythrocyte 
antigen. 

The **'XK*** ***protein*** is linked to the Kell glycoprotein 
by a 

single disulfide bond, probably forming a functional complex. The Kell 
protein is a member of the metalloproteinase family, and the 
***XK*** 

** •protein*** has functional similarities to the CED-8 protein in 
nematodes, in which it controls the timing of apoptosis. These data 
strongly suggest an important role of the XK-Kell complex in striatal 
physiology. The advances in the molecular biology of hereditary chorea 
syndromes offer the possibility for a direct genetic analysis of affected 
individuals, and presymptomatic testing for individuals at risk. Although 
the genetic bases of some hereditary chorea syndromes are established, 
causal therapies are lacking. However, the rapidly accumulating 
knowledge 

will hopefully lead to the development of efficient therapies that might 
attenuate or even prevent these otherwise relentlessly progressive 
neurodegenerative disorders. 
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AB Expression of the Kell blood group system is dependent on two 
proteins, 

Kell and XK, that are linked by a single disulfide bond. Kell, a type II 
membrane glycoprotein, is a zinc endopeptidasc, while XK, which has 

10 

transmembrane domains, is a putative membrane transporter. A rare 
phenotype termed Kell null (Ko) is characterized by the absence of Kell 
protein and Kell antigens from the red cell membrane and diminished 
amounts of *»*XK*** ***protein*** . We determined the 
molecular 

basis of eight unrelated persons with Ko phenotypes by sequencing the 
coding and the intron-exon splice regions of KEL and, in some cases, 
analysis of mRNA transcripts and expression of mutants on the cell 
surface 

of transfected cells. Six subjects were homozygous: four with 
premature 

stop codons, one with a 5* splice site mutation, G to A. in intron 3, and 
one with an amino acid substitution (S676N) in exon 1 8. Two Ko 
persons 

with premature stop codons had identical mutations in exon 4 
(R128Stop), 

another had a different mutation in exon 4 (C83Stop), and the fourth 
had a 

stop codon in exon 9 (Q34SStop). Two Ko persons were heterozygous 
for two 



mutations. One had a 5' splice site mutation (G to A) in intron 3 of one 
allele that caused aberrant splicing and exon skipping, and the other 
allele had an amino acid substitution in exon 10 (S363N). The other 
heterozygote had the same amino acid substitution in exon 10 (S363N) 

in 

one allele and a premature stop codon in exon 6 (R192Stop) in the 
other 

allele. The S363N and S676N mutants, expressed in 293T cells, were 
retained in a pre-Golgj compartment and were not transported to the 
cell 

surface, indicating that these mutations inhibit trafficking. We conclude 
that several different molecular defects cause the Kelt null phenotype. 
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AB The McLeod syndrome is an X-linked neuroacanthocytosis 
manifesting with 

myopathy and progressive chorea. It is caused by mutations of the XK 
gene 

encoding the ***XK*»* ***protein*** , a putative membrane 
transport 

protein of yet unknown function. In erythroid tissues, XK forms a 
functional complex with the Kell glycoprotein. Here, we present an 
immunohistochemical study in skeletal muscle of normal controls and a 
McLeod patient with a XK gene point mutation (C977T) using 
affinity-purified antibodies against XK and Kell proteins. Histological 
examination of the affected muscle revealed the typical pattern of 
McLeod 

myopathy including type 2 fiber atrophy. In control muscles, Kell 
immunohistochemistry stained sarcoplasmic membranes. XK 
immunohistochemistry resulted in a type 2 fiber-specific intracellular 
staining that was most probably confined to the sarcoplasmic reticulum. 
In contrast, there was only a weak background signal without a specific 
staining pattern for XK and Kell in the McLeod muscle. Our results 
demonstrate that the lack of physiological XK expression correlates to 

the 

type 2 fiber atrophy in McLeod myopathy, and suggest that the 
•**XK*** 

***protein** * represents a crucial factor for the maintenance of 
normal 

muscle structure and function. 
Copyright 2001 John Wiley & Sons, Inc. 
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AB Among the movement disorders associated with acanthocytosis, 
McLeod 

syndrome (McKusick 3 14850) is the one that is best characterized on 

the 

molecular level. Its defining feature is low reactivity of Kell 
erythrocyte antigens. This is due to absence of membrane protein KX 
that 

forms a complex with the Kell protein. KX is coded for by the XK gene 

on 

the X -chromosome. We present six males (aged 29 to 60 years), with 
proven 

XK mutations, to discuss the chorea associated with McLeod 
syndrome. The 

movement disorder commonly develops in the fifth decade and is 
progressive. It affects the limbs, the trunk and the face. In addition 
to facia! grimacing, involuntary vocalization can be present. In early 
stages there may only be some restlessness or slight involuntary distal 
movements of ankles and fingers. Lip-biting and facial tics seem more 
common in autosomal recessive choreoacanthocytosis linked to 
chromosome 9. 

This, together with the absence of dysphagia in McLeod syndrome, may 



help 

in differentia) diagnosis. Recent findings suggest a role for the 
endothelin system of the striatum in the pathogenesis of McLeod 
syndrome. 

Copyright 2001 Movement Disorder Society. 
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AB McLeod syndrome is caused by mutations of XK, an X -chromosomal 
gene of 

unknown function. Originally defined as a peculiar Kell blood group 
variant, the disease affects multiple organs, including the nervous 
system, but is certainly underdiagnosed. We analyzed the mutations ant 
clinical findings of 22 affected men, aged 27 to 72 years. Fifteen 
different XK mutations were found, nine of which were novel, including 

the 

one of the eponymous case McLeod. Their common result is predicted 
absence or truncation of the **»XK*** ***protein*** . All 
patients 

showed elevated levels of muscle creatine phosphokinase, but clinical 
myopathy was less common. A peripheral neuropathy with areflcxia 
was 

found in all but 2 patients. The central nervous system was affected in 
1 5 patients, as obvious from the occurrence of seizures, cognitive 
impairment, psychopathology, and choreatic movements. 
Neuroimaging 

emphasized the particular involvement of the basal ganglia, which was 
also 

detected in 1 asymptomatic young patient. Most features develop with 
age, 

mainly after the fourth decade. The resemblance of McLeod syndrome 
with 

Huntington's disease and with autosomal recessive 

chorea-acanthocytosis 

suggests that the corresponding proteins-XK, huntingtin, and 
chorein-might belong to a common pathway, the dysfunction of which 

causes 

degeneration of the basal ganglia. 
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SOURCE: ANNALS OF NEUROLOGY, (2001 Mar) 49 (3) 

384-92. 

Journal code: 7707449. ISSN: 0364-5134. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200104 

ENTRY DATE: Entered STN: 2001 0425 

Last Updated on STN: 20010425 

Entered Medline: 20010419 
AB The McLeod syndrome is an X-linked disorder caused by mutations 
of the XK 

gene encoding the ***XK*** ***protein*** . The syndrome is 
characterized by absent Kx erythrocyte antigen, weak expression of Kell 
blood group system antigens, and acanthocytosis. In some allelic 
variants, elevated creatine kinase, myopathy, neurogenic muscle 
atrophy, 

and progressive chorea are found. We describe a family with a novel 
point 

mutation in the XK gene consisting of a C to T base transition at 
nucleotide position 977, introducing a stop codon. Among seven 
affected 

males, five manifested with psychiatric disorders such as depression, 
bipolar disorder, or personality disorder, but only two presented with 
chorea Positron emission tomography and magnetic resonance 
volumetry 

revealed reduced striatal 2-fluoro-2-deoxy-glucose (FDG) uptake and 



diminished volumes of the caudate nucleus and putamen that correlated 
with 

disease duration. In contrast, none of 12 female mutation carriers 
showed 

psychiatric or movement disorders. However, a semidominant effect of 

the 

mutation was suggested by erythrocyte and blood group mosaicism and 
reduced striatal FDG uptake without structural abnormalities. 
Therefore, 

patients with psychiatric signs or symptoms segregating in an X-linked 
trait should be examined for acanthocytosis and Kcll/Kx blood group 
serology. 
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AB A 29-year-old man with a history of elevated creatine kinase and 
necrotizing myopathy was reviewed. Prominent red cell acanthocytosis 

in 

association with reduced Kell antigen expression was present, findings 
consistent with the McLeod syndrome. Investigation of the patient's 
XX 

gene revealed a novel TGG- to-TAG transition at position 1023 in exon 

3. 

This point mutation creates an in-frame stop codon (W3 14X), and 
predicts a 

truncated ***XK*** ***protein*** of 313 amino acids, 
compared with 

444 amino acids in the normal ***XK*** ***protein*** . The 

mutation was not identified in the patient's mother or sister indicating 
that this mutation was spontaneous. 
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AB Genetic blood protein polymorphism of stallions was used to describe 
genetically 3 breeds of half-bred horses. The investigations covered 
Malopolski, Wielkopolski, and noble half-bred stallions from which 

blood 

samples were collected; in the samples, polymorphism of selected 
proteins: 

albumin (Al), transferrin (Tf), 8.5 pH esterase (EspH 8.5), vitamin 
D-binding protein (Gc), and ***Xk*** •♦♦protein*** (Xk), was 
detd. 

On the grounds of the performed studies, significant differences were 
found in phenotypic and allelic frequencies of blood protein systems 
analyzed according to the stallion breed. The av. heterozygosity and 
homozygosity coeffs. were established for stallion breeds as well as 
genetic similarity and genetic distance between breeds of the stallions. 
This distance was: 0.01 046 between Malopolski and Wielkopolski 
stallions, 

0.01783 between Malopolski and noble half-bred stallions, and 0.01000 

between Wielkopolski and noble half-bred stallions. 
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AB BACKGROUND: Kx is lacking in the RBCs of patients with the 
McLeod 

syndrome. This condition is sometimes associated with chronic 
granulomatous disease (CGD). If given allogeneic RBCs, CGD patients 
with 

the McLeod phenotype may produce anti-Kx and anti-Km, and only 
phenotypically matched McLeod blood would be compatible. McLeod 
phenotype 

persons without CGD have made anti-Km but not anti-Kx (2 examples), 
and 

thus both McLeod and K(O) blood would be compatible. CASE 
REPORT: RBCs 

from a transfused patient with the McLeod phenotype but not with 
CGD 

(non-CGD McLeod) were typed for the Kell blood group antigens, and 

the 

plasma was analyzed for the presence of antibody by agglutination. The 
molecular basis was determined by analyzing for ***XK* # * 
* * *protein* * * on RBC membranes by Western immunoblotting, by 
sequencing 

the XK gene, and by RFLP. RESULTS: The RBCs did not react with 
anti-Kx + 

anti-Km and showed weakening of Kell system antigens. The patient's 
plasma reacted moderately (2+) with RBCs of common Kell type and 
strongly 

(4+) with K(O) RBCs and RBCs of common Kell type treated with 
dithiothreitol, and did not react with McLeod RBCs. ***XK»** 
***protein*** was absent from the RBC membranes. The XK gene 
had a 

point mutation in the donor splice site of intron 1 (G>C). 
CONCLUSION: 

This is the first report describing the molecular alteration in a non-CGD 
McLeod patient who has made anti-Kx. The immune response of 
people with 

the McLeod phenotype can vary, and K(0) blood may not always be 
compatible. 
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AB The Kell blood group protein is a zinc endopeptidase that yields 

endothelin-3, a potent bioactive peptide, by cleavage of big 
endothelin-3, 

a larger intermediate precursor. On red celts, Kell protein is linked by 
a single disulfide bond to XK, a protein that traverses the membrane 10 
times and whose absence, as occurs in the McLeod phenotype, is 
associated 

with a set of clinical symptoms that include nerve and muscle disorders 
and red cell acanthocytosis. Previous studies indicated that Kell is 
primarily expressed in erythroid tissues, whereas XK has a wider tissue 
distribution. The tissue distribution of Kell protein has been further 
investigated by Northern blot analysis, PCR-screening of tissue 
complementary DNAs (cDNAs), and Western immunoblots. Screening 
of an RNA 

dot-blot panel confirmed that Kell is primarily expressed in erythroid 
tissues but is also expressed in a near equal amount in testis, with 
weaker expression in a targe number of other tissues. PCR-screening of 
cDNAs from different tissues and DNA sequencing of the products 
gave 

similar results. In 2 of the nonerythroid tissues tested, testis and 
skeletal muscle, Kell protein was detected by Western immunoblotting. 

In 

skeletal muscle, isolation of XK with a specific antibody coisolated Kell 
protein. These studies demonstrate that Kell is expressed in both 
erythroid and nonerythroid tissues and is associated with XK. 
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AB Kx is a polytopic membrane protein of human erythrocytes carrying 
theKx 

blood group antigen, which is deficient in rare patients with McLeod 
syndrome. Kx is disulphide bond linked to the Kell glycoprotein, which 

is 

a bitopic type II membrane protein carrying the Kell blood group 
antigen. 

Mice immunized with a synthetic peptide predicted to be located on the 
second external loop of Kx produced a monoclonal antibody called 
3E12 

which does not recognize red cells with common Kell phenotype by 
agglutination and flow cytometry. 3E12 recognizes the Kx protein and 

the 

spectrin beta-chain on western blots, the affinity for these two proteins 
being lowered with increasing ionic strength. Linear epitopes 
recognized 

by 3E12 are El 16EIEKE121 and L484AQELEKE49 1 on theKx 
protein and spectrin 

beta-chain, respectively. To quantify the relative amount of Kx in 
Empigen BB extracts of red cell membranes, an EUSA for Kx was set 

up 

which showed conclusively that (i) there is less Kx in membranes of K0 
individuals (lacking the Kell glycoprotein) than in membranes of 
common 

individuals, and (ii) that all common individuals, typed as K+k- f K-k+ 
and 

K+k+, have the same amount of Kx on their red cell membranes. When 

an 

erythrocyte membrane detergent extract from one K0 individual was 
chromatographed on an immobilized 3E12 column, a minute amount of 
authentic Kell glycoprotein was recovered in acid eluted fractions, 
indicating that at least the K0 individual under study may still produce 
some Kell protein. 
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AB Two membrane proteins express the antigens that comprise the Kell 
blood 

group system. A single antigen, Kx, is carried on XK, a 440-amino acid 
protein that spans the membrane 10 times, and more than 20 antigens 
reside 

on Kell, a 93-kd, type II glycoprotein. XX and Kell are linked, close to 
the membrane surface, by a single disulfide bond between Kell cysteine 

72 

and XK cysteine 347. Although primarily expressed in erythroid 
tissues, 

Kell and XK are also present in many other tissues. The polymorphic 
forms 

of Kell are due to single base mutations that encode different amino 
acids. Some Kell antigens are highly immunogenic and may cause 



reactions if mismatched blood is transfused and severe fetal anemia in 
sensitized mothers. Antibodies to KEL1 may suppress erythropoiesis at 

the 

progenitor level, leading to fetal anemia. The cellular functions of 
Kell/XK are complex. Absence of XX, the McLeod phenotype, is 
associated 

with acanthocytic red blood cells (RBCs), and with late-onset forms of 
muscular dystrophy and nerve abnormalities. KelL by homology, is a 
member of the nepritysin (M 1 3) family of membrane zinc 
endopeptidases and 

it preferentially activates endothelin-3 by specific cleavage of the 
Trp21-Ile22 bond of big endothelin-3. 
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AB Two covalently linked proteins, Kell and XK, constitute the Kelt 
blood 

group system. Kell, a 93-Kd type II glycoprotein, is highly polymorphic 
and carries all but I of the known Kell antigens, and XK, which 
traverses 

the membrane 10 times, carries a single antigen, the ubiquitous Kx. The 
Kcll/XK complex is not limited to erythroid tissues and may have 
multiple 

physiological roles. Absence of one of the component proteins, XK, is 
associated with abnormal red cell morphology and late-onset forms of 
nerve 

and muscle abnormalities, whereas the other protein component, Kell, is 

an 

enzyme whose principal known function is the production of a potent 
bioactive peptide, ET-3. 
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AB The human Kell blood group system is important in transfusion 
medicine, 

since Kell is a polymorphic protein and some of its antigens can cause 
severe reactions if mismatched blood is transfused, while maternal 
alloimmunization may lead to fetal and neonatal anemia. In humans, 
Kell 

is an Mr 93,000 type II membrane glycoprotein with 

endothelin-3 -converting 

enzyme activity that is linked by a single disulfide bond to another 
protein, XK, that spans the membrane ten times. An absence of XK 

leads to 

clinical symptoms termed the McLcod syndrome. We determined the 
cDNA 

sequence of the mouse Kell homologue, the organization of the gene, 
expression of the protein and its enzymatic function on red cells. 
Comparison of human and mouse Kell cDNA showed 80% nucleotide 
and 74% 

amino acid sequence identity. Notable differences are that the mouse 
Kell 

protein has eight probable N- 1 inked carbohydrate side chains, compared 

to 

five for human Kell, and that the mouse homologue has one more 
extracellular cysteine than human Kell protein. The mouse Kell gene 
(Kel), like its human counterpart, is similarly organized into 19 exons. 
Kel was located to proximal Chromosome 6. Northern blot analysis 
showed 

high expression in spleen and weaker levels in testis and heart. Western 
blot analysis of red cell membrane proteins demonstrated that mouse 
Kell 

glycoprotein has an apparent Mr of 1 10,000 and, on removal of 
N-linked 

sugars, 80,000. As in human red cells, Kell is disul fide-linked to XK 
and 

mouse red cells have endothelin-3-converting enzyme activity. 
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AB The antigens of the Kell blood group system are carried on a 93 kDa 
type 

□ glycoprotein encoded by a single gene on chromosome 7 at 7q33. 
XKisa 

50.9 kDa protein that traverses the membrane ten times and derives 
from a 

single gene on the X chromosome at Xp21 . A single disulphide bond, 
Kell 

Cys 72-XK Cys 347, links Kell to XX. The Kell component of the 
Kell/XK 

complex is important in transfusion medicine since it is a highly 
polymorphic protein, carrying over 23 different antigens, that can cause 
severe reactions if mismatched blood is transfused and in pregnant 
mothers 

antibodies to Kell may elicit serious fetal and neonatal anaemia. The 
different Kell phenotypes are all caused by base mutations leading to 
single amino acid substitutions. By contrast the XK component carries 

a 

single blood group antigen, termed Kx. The physiological functions of 
Kell and XK have not been fully elucidated but Kell is a zinc 
endopeptidase with endothelin-3-converting enzyme activity and XK 
has the 

structural characteristics of a membrane transporter. Lack of Kx, the 
McLeod phenotype, is associated with red cell acanthocytosis, elevated 
levels of serum creatine phosphokinase and late onset forms of muscular 
and neurological defects. 
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AB The human Kx blood group antigen is carried by a 37,000 M(r) 
apparent 

molecular mass membrane polypeptide which is deficient in rare 
individuals 

with the McLeod syndrome. The X-linked human XK gene is 
transcribed in 

many tissues including adult skeletal muscle and brain, sieges of 
disorders observed in McLeod syndrome. We report here the cloning 
of the 

orthologous mouse XK mRNA. Comparison of XK from human and 
mouse revealed 

80% sequence similarity at the amino acid level. The mouse XK gene is 
organized in two exons and is expressed in many tissues, but its 
expression pattern is slightly different from that of the human gene. The 
presence in mouse erythrocyte membrane of a 43,000 M(r) Kx -related 
protein 

was demonstrated by immunoblotting with a rabbit antiserum directed 
against the human protein. With non-reduced samples, a 140,000 M(r) 
species was detected instead of the 43,000 M(r) protein, suggesting 
that, 

as demonstrated in the Kx polypeptide might be complexed with 



protein in mouse red cells, presumably the homologue of the human 
Kell 

protein of 93,000 M(r). 
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AB Kell, a 93 kDa type II membrane glycoprotein, and XK, a 444 amino 
acid 

multi-pass membrane protein, are blood group proteins that exist as a 
disul fide-bonded complex on human red cells. The mechanism of 
Kell/XK 

assembly was studied in trans fee ted COS cells co-expressing Kell and 
***XK*'* ***proteins*** . Time course studies combined with 
endonuclease-H treatment and cell fractionation showed that Kell and 
XK 

are assembled in the endoplasmic reticulum. At later times the Kell 
component of the complex was not cleaved by endonuclease-H, 
indicating 

N-linked oligosaccharide processing and transport of the complex to a 
Golgi and/or a post-Golgi cell fraction. Surface- labeling of transfected 
COS cells, expressing both Kell and XK, demonstrated that the Kell/XK 
complex travels to the plasma membrane. XK expressed in the absence 

of 

Kell was also transported to the cell surface indicating that linkage of 
Kell and XK is not obligatory for cell surface expression. 
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AB Kell, a 93 kDa type II membrane glycoprotein, and XK, a 444 
amino acid 

multi-pass membrane protein, are blood group proteins that exist as a 
disulfide-bonded complex on human red cells. The mechanism of 
Kell/XK 

assembly was studied in transfected COS cells co-expressing Kell and 
* * * XK* * * * • 'proteins* * * .Time course studies combined with 
endonuclease-H treatment and cell fractionation showed that Kell and 
XK 

are assembled in the endoplasmic reticulum. At later times the Kell 
component of the complex was not cleaved by endonuclease-H, 
indicating 

N-linked oligosaccharide processing and transport of the complex to a 
Golgi and/or a post-Golgi cell fraction. Surface-labeling of transfected 
COS cells, expressing both Kell and XK, demonstrated that the Kell/XK 
complex travels to the plasma membrane. XK expressed in the absence 

of 

Kell was also transported to the cell surface indicating that linkage of 
Kell and XK is not obligatory for cell surface expression. (C) 1999 
Elsevier Science B.V. All rights reserved. 
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AB We report a novel mutation in the XK gene (XK) in a Japanese 
patient with 

McLeod syndrome. A 50-year-old man showed progressive muscular 
atrophy. 



choreic mov ement, elevated level of serum creatinine kinase, and 
acanthocytosis. The expression level of all the Kell antigens in 
erythrocyte was decreased and molecular analysis revealed a single-base 
(T) deletion at the nucleotide position 1095 in XK. This deletion 
caused 

a frameshift in translation, leading to a premature stop codon at the 
amino acid position 408. We conclude this single-base deletion causes 
defective Kx protein, which is responsible for the McLcod phenotype in 
this patient. 
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AB A disulfide bond links Kell and XK red cell membrane proteins. Kell, 
a 

type II membrane glycoprotein, carries over 20 blood group antigens, 
and 

XK, which spans the membrane 10 times, is lacking in rare individuals 
with 

the McLcod syndrome. Kell is classified in the neprilysin family of zinc 
endopeptidases, and XK has structural features that suggest it is a 
transport protein. Kell has 1 5 extracellular cysteines, and XK has one 

in 

its fifth extracellular loop. Five of the extracellular cysteine residues 
in Kell are not conserved in the other members of the neprilysin family, 
and based on the hypothesis that one of the nonconserved cysteines is 
linked to XK, cysteines 72 and 319 were mutated to serine. The single 
extracellular cysteine 347 of XK was also mutated. Co-expression of 
combinations of wild-type and mutant proteins in trans fee ted COS-1 
cells 

showed that Kell C72S did not form a Kell-XK complex with wild-type 
XK, 

while wild-type Kell and Kell C319S did. XK C347S was also unable 
to form 

a complex with wild-type Kell, indicating that Kell cysteine 72 is linked 
to XK cysteine 347. Kell C72S was transported to the cell surface, 
indicating that linkage to XK is not required. In addition, chemical 
cross-linking of red cell membranes with dithiobispropionimidate 
indicated 

that glyceraldehyde-3-phosphate dehydrogenase is a near neighbor of 
Kell. 
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AB Kx is a quantitatively minor blood group protein of human 
erythrocytes 

which is thought to be a membrane transporter. In the red cell 
membrane, 

Kx forms a complex stabilized by a disulfide bond with the Kell blood 
group membrane protein which might function as a metal I op rot ease. 
The 

palmitoylation status of these proteins was studied by incubating red 
cells with [3H] palmitic acid. Purification of the Kcll-Kx complex, by 
immun ©chromatography on an immobilized human monoclonal antibody 
of Kell 

blood group specificity demonstrated that the Kx but not the Kell 
protein 

is palmitoylated. Six cysteines in Kx are predicted to be 
intracytoplasmic and might be targets for palmitoylation. Three of these 
cysteines are present in a portion of sequence which is predicted to form 
an amphipathic alpha helix. Palmitoytation of one or several of these 
cysteines might contribute to anchor the cytoplasmic portion of the Kx 



protein to the inner surface of red cell membrane. 
Copyright 1998 Academic Press. 
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AB McLcod syndrome is a rare X-linked disorder involving 
neurological 

defects and acanthocytosis. We examined the XK gene in three patients 
with 

neuroacanthocytosis, one of whom had cardiomyopathy, and his 
symptoms were 

very similar to those of McLcod syndrome. We found two new 
transversions 

(C to G at codon 204 and G to C at codon 205) in exon 3 in all those 
cases. However, the transversion at codon 205 was found in all 70 
Japanese 

normal subjects and four non-Japanese (two Caucasian males, one 
Chinese 

female and one Micronesian female) and that at codon 204 was also 
detected 

in all 14 normal Japanese males and the four non-Japanese. These 
findings 

suggest that they are not the cause of McLcod syndrome, but normal 
polymorphisms which have not been reported. Moreover, there is a 
possibility that patients with neuroacanthocytosis similar to McLeod 
syndrome exist without the XK gene abnormalities. (C) 1997 Elsevier 
Science B.V. 
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AB McLeod syndrome is an X-linked multisystem disorder characterized 
by 

abnormalities in the neuromuscular and hematopoietic systems. We 
have 

assembled a cosmid contig of 360 kb that encompasses the McLeod 
gene 

locus. A 50 kb deletion was detected by screening DNA from patients 
with 

radiolabeled whole cosmids, and two transcription units were identified 
within this deletion. The mRNA expression pattern of one of them, 
designated as XK, correlates closely to the McLeod phenotype. XK 
encodes 

a novel protein with structural characteristics of prokaryotic and 
cukaryotic membrane transport proteins. Nucleotide sequence analysis 

of 

XK from two unrelated McLeod patients has identified point mutations 

at 

conserved splice donor and acceptor sites. These findings provide 
direct 

evidence that XK is responsible for McLeod syndrome. 
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AB A total of 85 blood samples, obtained from Yugoslav trotter horses 

Were 

analysed for serum protein polymorphism at the following loci: albumin 
(Al), protease inhibitor (Pi), transferrin (TO, esterase (Es) and 

***Xk*** ***protein*** by standard starch gel electrophoretic 
procedures. From the results obtained the homogeneity index and 
parentage 

exclusion probability were calculated. The characteristic gene 
frequencies 

of the investigated Al, Pi, Ti, Es and ***Xk*** ***protein*** 
systems were established as: A1A and AIB (0.424 and 0.576); PiF, PiL, 
PiG, 

Pil, PiV and PiS (0.135, 0.318, 0.123, 0.100, 0.259 and 0.576); TiD, 
TiF, 

TiH and TiO (0.359, 0.529, 0.036 and 0.076), EsF, Esl and EsS (0.265, 
0.570 and 0.165); and XkK and XkS (0.912 and 0.088), respectively. 
The 

Homogeneity index of the tested population was 0.0049, 0.5755, 
0.2209. 

0.1 336 and 0.6790 for the AL, Pi, Tf, Es and Xk, loci, respectively. The 
joint paternity exclusion probability was 83.40% for the population of 
Yugoslav trotters. 
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AB On the basis of gene frequencies of the marker traits of blood protein 
and 

enzyme analyses with electrophoresis, the biochemical polymorphism o 
albumin (Al), slow-alpha- 2 globulin (SI -alpha), post-albumin (Pa), 
group-specific component (Gc), ***Xk*** ***protein*** (Xk), 
transferrin (TO, catalase (Cat), hemoglobin (Hb), phosphohexose 
isomerase 

(PHI), phospho gluconate dehydrogenase (PGD) and 
phosphoglucomutase (PGM), 

in a total 95 Cheju native horses, were examined. The analyzed results 

of 

phenotypes and gene frequencies were as follows: With respect to 
albumin 

(Al) locus, the frequency of Al-B allele was markedly predominant 
(0.663) 

as compared with that of AJ-A allele (0.337). In slow alpha-2 globulin 
(Sl-alpha-2) locus, any individual variation was not found. Therefore, 
this locus was defined to be monomorphic. In the post-albumin (Pa) 
locus, 

the frequency of Pa-F allele was markedly predominant (0.947) as 



with that of Pa-S allele (0.053). Cc^ccming group-specific component 
(Gc) 



locus, the frequency of Gc-S allele was markedly predominant (0.589) 

as 

compared with that of Gc-F allele (0.441). As to the •♦♦Xk"* 
* * *protein* * * locus, one phenotype KK was observed. The number 
oftheKK 

phenotype was 1 .000. In the transferrin (Tf) locus, Tf-F was the most 
frequent allele gene frequency (0.621), Tf-R was the second (0.1 53) and 
Tf-H, Tf-D and Tf-0 were negligible (0.131, 0.084, and 0.010). At the 
catalase (Cat) isozyme locus, the gene frequency of Cat-F allele (0.51 1) 
was slightly higher than that of Cat-S allele (0.489). In the hemoglobin 
(Hb) locus, the frequency of Hb-A allele (0.868) was remarkably higher 
than that of Hb-a allele (0.132). At the phosphohexose isomerase (PHI) 
isozyme locus, only phenotype II was observed. The frequency of the II 
type was 1.000. Phosphoglucomulase (PGM) isozyme locus, any 
individual 

variation was not found. As to phosphogluconate dehydrogenase (PGD) 
isozyme locus, any individual variation was not found. 
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AB By means of starch gel electrophoresis, the biochemical 
polymorphism of 

.alpha. I -protease inhibitor, albumin, transferrin, * **Xk** * 
♦♦•protein*** and slow .alpha.2-globulin in a total of 1 16 Che Ju 
native 

horses were examined. The analyzed resulted of phenotype, genotype 
and 

gene frequency was following: 1 . In the .alpha. 1 -protease inhibitor(Pi) 
locus, nine possible phenotypes, except heterozygous FI phenotype, FF, 

II, 

LL, SS, FL, FS, IL, IS and LS were identified and assumed to be 
controlled 

by four autosomal codominant alleles designated PiF, Pil, PiL and PiS. 
The 

phenotype distribution was estimated to be 68. 10% for LL type and 
12.93% 

for II type and the others were below 10%. The PiL allele with the 
frequency of 0.741 showed the highest frequency, while the frequencies 

of 

Pil, PiS and PiF alleles with relatively tow frequencies were 0. 164, 
0.078 

and 0.017, respectively. 2. With respect to albumin(Al) locus, three 
different Al phenotypes assumed to be controlled by two codominant 
alleles 

were identified as AA, AB and BB and their phenotype distribution was 
15.52%, 40.52% and 43.96%, respectively. The frequency of A1B allele 
was 

markedly predominant (0.641) whereas in A1A allele it was 0.358. 3. 
Concerning transferrinfTf) locus, eleven different phenotypes DD, FF, 
RR. 

DF, DO, DR, FH, FO, FR, HR and OR were recognized, assumed to be 
controlled by five autosomal codominant alleles designated TFD, TfF, 
TfH, 

TfO and TfR, but two homozygous type(HH and OO) and two 
heterozygous 

type(DH and HO) were not found. The observed percentage of Tf 
phenotypes 

FR, FF and RR were found to be 29.31%, 28.45% and 12.93%, 
respectively, 

and the other phenotypes were below 10%. Of the total, TfF was the 
most 

frequent allele(gene frequency, 0.496), TfR was the second(0.345) and 
TfD, 

TfO and TfH were ncglible(0.065. 0.60 and 0,034, respectively). 4. As 

for 

the ***Xk*** •••protein*** locus, two different phenotypes FK 
and 

KK were observed, whereas homozygous FF type was not recognized. 
The 

observed Xk polymorphism was assumed to be controlled by a pair of 
codominant alleles designated XkF and XkK at a single autosomal 
locus. The 

number of the KK phenotype was 93.10, that of FK phenotype 6.90%. 
The 

significantly higher frequency of XkK allcle(0.966) was obtained than 
that 

of XkF allele(0.034). 5. In slow .a!pha.2-globulin(S .alpha. 1) locus, any 
individual variation was not found, therefore, this locus was defined to 
be monomorphic. 
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AB Genetic polymorphism of a new horse plasma protein provisionally 
designated ***Xk*** ***protein*** in 175 Korean race horses 
was 

analyzed by using acidic starch gel electrophoresis and genetic structure 
of horse population was investigated. Two different phenotypes, Xk-FK 
and 

Xk-KK. in this system were observed with the frequencies in these Xk 
phenotypes were Xk-FK 2.9% and Xk-KK 97.1%. However, the 

homozygous Xk-FF 

type was not recognized in the present study. Observed and expected 
phenotypes showed the Xk locus to be in genetic equilibrium, 

according to 

Hardy- Weinberg law. Therefore, the Xk phenotypes were shown to be 
controlled by two codominant autosomal alleles designated XkF and 
XkK. The 

XkK a!lele(0.9S6) had a remarkably high frequency whereas the XkF 
allele(0.014) occur very rarely. 
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AB 1. Pig serum Po2 protein and horse ***Xk*** •♦•protein*** 
were 

purified by FPLC, non-denaturing 2D agarose- PAGE and 2D 
IPG-PAGE. 2. The 

separated fractions were electroblotted to 
poly(4-vinyl-N-methylpvridinium 

iodide) coated GF/C glass fiber sheets. 3. The partial amino acid 

sequences and amino acid compositions of different genetic variants of 

the 

proteins were determined. 4. The results proved that previously 
reported 

polymorphic serum post-albumins in each of these species were 
homologous 

to human plasma alpha 1 B-glycoprotein. 
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AB Genetic linkage between the equine loci for phosphohexose isomerase 
(PHI) 

and serum ***Xk*** ***protein*** was demonstrated by means 

of 

segregation data from three sire families. The recombination frequency 
was estimated from pooled data to be 0.23 +/- 0.02; a significant 
heterogeneity between sires for estimates of the recombination 
frequency 

was observed. No indication of linkage was detected between Xk and 

14 

other blood marker loci. Linkage between the Xk locus and the locus 

for 

soluble malic enzyme (ME1) has recently been reported in horses. An 
equine linkage group designated LG IV comprising the three loci ME1 , 
PHI 

and Xk has thus been established. The possibility that the linkage 
between PHI and Xk is homologous to the linkage between the loci for 
PHI 

and a serum postalbumin (PO-2) in pigs was discussed. 
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AB Resolution of equine soluble malic enzyme phenotypes is greatly 
improved 

by isoelectric focusing as compared with starch gel electrophoresis. 
Phenotype differences can be recognized in plasma as well as 
hemotysates. 

The locus for soluble malic enzyme (ME1) is closely linked to the locus 
for ***Xk*~ [ * ♦♦protein*" ]. 



